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Abstract 
 The rare semileptonic 𝜒𝑐1(1𝑝) → 𝐷𝑠
+𝑒𝜈 decay is analyzed, by using the three-point QCD sum rules. Taking 
into account the two-gluon condensate contributions, the transition form factors related to this decay are 
calculated and are used to determine the total decay width and branching fraction.  Our findings may be 
approved by future experiments.    
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1 : INTRODUCTION 
 
Quarkonia are bound states of 𝑄𝑄 , where 𝑄 is a heavy quark, either a charm quark, 𝑐𝑐 (charmonium) or a 
beauty quark, 𝑏𝑏  (bottomonium). Toponium does not exist, since the top quark decays through the electroweak 
interaction before a bound state can take form. In case of the lighter quarks (u, d, s ), the physical states seen in 
experiments are quantum mechanical mixtures of the light quark states. The analysis of heavy quark and anti-
quark systems are proper candidate for applying QCD. Production and decays of quarkonium have long been 
used to investigate the nature of QCD. Due to heavy, but not very heavy quark mass, one can get knowledge of 
both perturbative and non-perturbative QCD through the analysis of the natures of production and decays of 
quarkonium. Properties of these systems have been theoretically calculated, mainly using potential model, 
where the potential, 𝑉 = −
4
3
𝛼𝑠
𝑟
+ 𝑘𝑟, describes the static potential of the quarkonia, or its extension like the 
coulomb gauge model [1-5]. The first term in the above potential is related to one gluon exchange and the 
second term is called the confinement potential.  
A recent study on the calculation of ground-state decay constant by QCD sum rules and potential models show 
that they both follow the same pattern. In addition, it has been revealed that using QCD sum rules, we can get a 
more precise calculation of the bound-state characteristics as compared to the potential models [6]. The QCD 
sum rules are a reliable method for spectroscopy and obtaining the properties of the hadrons [7-10]. 
Furthermore, this method has been used for the calculation of masses and decay constants of the mesons [11-
18]. Semileptonic decay of heavy mesons has been the aim of many recent studies. Semileptonic decay of the 
scalar, pseudoscalar, vector and axial vector mesons using three-point QCD sum rules, were the subject of these 
papers [19-29]. 
The present research was undertaken to study the semileptonic decay of axial vector p-wave charmonium 
𝜒𝑐1(1𝑝) with the quantum numbers 𝐽
𝑃𝐶 = 1++ into pseudoscalar 𝐷𝑠
+ meson. The objective of this work is to 
evaluate the decay width of 𝜒𝑐1(1𝑝) → 𝐷𝑠
+𝑒𝜈 by considering two gluon condensates as the first non-
perturbative contribution to the correlation function. Heavy quark condensates are suppressed here by the 
inverse powers of the heavy quark mass. 
This paper includes the following sections; in section two, the calculation of sum rules is presented for the 
related form factors in which the two gluon condensates contributions to the correlation function is considered. 
Section three consists of the numerical analysis of the form factors and the estimation of the branching fraction. 
In the last section the conclusions are discussed.        
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Figure 1: (a) Bare loop. (b) Light quark condensates. (c, d) Light quark condensates with one gluon emission for 
𝜒𝑐1(1𝑝) → 𝐷𝑠
+𝑒𝜈 decay. 
 
 
 
2 :Theoretical analysis of form factors for 𝛘𝐜𝟏(𝟏𝐩) → 𝐃𝐬
+𝐞𝛎  in the context of 
QCD Sum rules  
 
The decay of 𝜒𝑐1(1𝑝) → 𝐷𝑠
+𝑒𝜈 is described in the standard model, in terms of quark degrees of freedom by the 
process 𝑐 →  𝑠𝑒𝜈 at tree-level (Fig. 1). The effective Hamiltonian for this transition can be written as: 
                                           𝐻𝑒𝑓𝑓 =
𝐺𝐹
 2
𝑉𝑐𝑠  𝜈𝛾
𝜇  1 − 𝛾5 𝑒𝑠 𝛾𝜇  1 − 𝛾5 𝑐,                                  (1) 
 
where 𝐺𝐹  stands for Fermi constant and 𝑉𝑐𝑠  is the element of the Cabibbo-Kobayashi-Maskawa (CKM) matrix. 
The transition amplitude of the 𝜒𝑐1(1𝑝) → 𝐷𝑠
+𝑒𝜈 is obtained by sandwiching Eq. (1) between the initial and 
final meson states, 
                               𝑀 =
𝐺𝐹
 2
𝑉𝑐𝑠𝜓  𝜈  𝛾
𝜇  1 − 𝛾5 𝜓𝑒   𝐷𝑠
+(𝑝´) 𝑠 𝛾𝜇  1 − 𝛾5 𝑐 𝜒𝑐1(1𝑝)(𝑝, 𝜀)           (2)                                           
To continue, we need to calculate the matrix element  𝐷𝑠
+(𝑝´) 𝑠 𝛾𝜇  1 − 𝛾5 𝑏 𝜒𝑐1(1𝑝)(𝑝, 𝜀) . We parameterize 
the matrix element in terms of the form factors: 
 𝐷𝑠
+ 𝑝´  𝑠 𝛾𝜇  1 − 𝛾5 𝑐 𝜒𝑐1(1𝑝) 𝑝, 𝜀  = −𝜖𝜇𝜈𝛼𝛽 𝜀
∗𝜈𝑝𝛼𝑝´𝛽
2𝑉 𝑞2 
𝑚
𝐷𝑠
++𝑚𝜒𝑐1(1𝑝)
    
+𝑖[𝜀∗𝜇 𝑚𝐷𝑠+ + 𝑚𝜒𝑐1(1𝑝) 𝐴1(𝑞
2) − 
                        𝜀∗𝑞 Pμ  
𝐴2 𝑞
2 
𝑚
𝐷𝑠
++𝑚𝜒𝑐1(1𝑝)
−  𝜀∗𝑞 
2𝑚
𝐷𝑠
+
𝑞2
 𝐴3 𝑞
2 − 𝐴0 𝑞
2  𝑞𝜇 ]            (3)                              
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In Eq. (3), P𝜇 =  (𝑝 +  𝑝´)𝜇 ,  𝑞𝜇 =  (𝑝 –  𝑝´)𝜇  and 𝜀 is the polarization vector of the axial vector meson. To have 
finite results at 𝑞2 = 0, the condition of  𝐴3 0 = 𝐴0 0  is required. 
The form factor 𝐴3 𝑞
2  can be written as a linear combination of 𝐴1 and 𝐴2 as follows: 
                                  𝐴3 𝑞
2 =
𝑚𝜒𝑐1(1𝑝)+𝑚𝐷𝑠+
2𝑚
𝐷𝑠
+
𝐴1 𝑞
2 −
𝑚𝜒𝑐1(1𝑝)−𝑚𝐷𝑠+
2𝑚
𝐷𝑠
+
𝐴2 𝑞
2                               (4) 
 
The form factors 𝑉, 𝐴1 and 𝐴2 are calculated by using the following three-point correlation function,   
                 𝛱𝜇𝜈 = 𝑖
2  𝑑4 𝑥 𝑑4𝑦 𝑒−𝑖𝑝𝑥 𝑒𝑖𝑝
′𝑦   0 𝑇{𝐽𝐷𝑠+(𝑦)𝐽𝜇  0 𝐽𝜒𝑐1(1𝑝)
†  𝑥 } 0                           (5) 
 
where  𝐽𝜒𝑐1(1𝑝) 𝑥 = 𝑐 𝛾𝜈𝛾5𝑐 is the interpolating current of the axial meson and  𝐽𝐷𝑠+(𝑦) = 𝑐 𝛾5𝑠 is the 
interpolating current of the pseudoscalar meson. The transition current is,  𝐽𝜇  0 =  𝑠 𝛾𝜇 (1 − 𝛾5)𝑐. 
The above correlation function is calculated in two different approaches: first, in the hadron context which is 
called the phenomenological or physical part and the second, is QCD or theoretical approach, obtained in the 
quark gluon language. The form factor expressions are determined by equating the corresponding coefficients of 
the two parts. We use double Borel transformation with respect to p and p´ to suppress the contributions coming 
from higher states and continuum.  
 To obtain the physical part, a complete set of intermediate states with the same quantum numbers are inserted 
in Eq. (5). Therefore we obtain: 
 
                              Πμν 𝑝
2, 𝑝´2, 𝑞2 =     
                                        
 0 𝐽
𝐷𝑠
+  𝐷𝑠
+(𝑝´   𝐷𝑠
+ 𝑝´  𝐽𝜇  0  𝜒𝑐1 1𝑝  𝑝   𝜒𝑐1 1𝑝  𝑝 
  𝐽𝜈 ,𝜒𝑐1 1𝑝 
†   0 
 𝑝´2−𝑚
𝐷𝑠
+
2   𝑝2−𝑚
𝜒𝑐1 1𝑝 
2  
+ 
the higher resonances and continuum                                                                    (6) 
 
The matrix elements in Eq. (6) can be parameterized in terms of the leptonic decay constants of 𝐷𝑠
+ and 𝜒𝑐1(1𝑝) 
mesons as:  
 
                   0 𝐽𝐷𝑠+ 𝐷𝑠
+(𝑝´) =
𝑖 𝑓
𝐷𝑠
+𝑚
𝐷𝑠
+
2
𝑚𝑐+𝑚𝑠
,    0 𝐽𝜈 ,𝜒𝑐1(1𝑝) 𝜒𝑐1(1𝑝)(𝑝) = 𝑓𝜒𝑐1(1𝑝)𝑚𝜒𝑐1(1𝑝) 𝜀𝜈                  (7)        
                         
To obtain the physical part, Eq. (3) and Eq. (7) are substituted in Eq. (6) and the summation is performed over 
the polarization of 𝜒𝑐1(1𝑝) meson. 
 
Π𝜇𝜈  𝑝
2, 𝑝´2, 𝑞2 =
𝑓𝐷𝑠+  𝑓𝜒𝑐1(1𝑝)𝑚𝐷𝑠+
2  𝑚𝜒𝑐1(1𝑝)
(𝑚𝑐 + 𝑚𝑠) 𝑝´2 − 𝑚𝐷𝑠+
2  (𝑝2 − 𝑚𝜒𝑐1(1𝑝)
2 )
{𝑖 𝜖𝜇𝜈𝛼𝛽  𝑝
𝛼𝑝´𝛽
2𝑉 𝑞2 
𝑚𝐷𝑠+ + 𝑚𝜒𝑐1(1𝑝)
 
    − 𝑚𝐷𝑠+ + 𝑚𝜒𝑐1(1𝑝) (−𝑔𝜇𝜈 +
 𝑃 + 𝑞 𝜇  𝑃 + 𝑞 𝜈
4𝑚𝜒𝑐1 1𝑝 
2 )𝐴1 𝑞
2  
+ 
1
𝑚𝐷𝑠+ + 𝑚𝜒𝑐1(1𝑝)
𝑃𝜇  −𝑞𝜈 +
𝑝𝑞 𝑃 + 𝑞 𝜈
2𝑚𝜒𝑐1(1𝑝)
2  𝐴2 𝑞
2  
                                      +
2𝑚
𝐷𝑠
+
𝑞2
𝑞𝜇  −𝑞𝜈 +
𝑝𝑞  𝑃+𝑞 𝜈
2𝑚𝜒𝑐1(1𝑝)
2   𝐴3 𝑞
2 − 𝐴0 𝑞
2  }                              (8)                                      
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To find the expressions for the form factors 𝑉, 𝐴1 and 𝐴2, the coefficients of the Lorentz structures 
𝑖𝜖𝜇𝜈𝛼𝛽 𝑝
𝛼𝑝´𝛽 , 𝑔𝜇𝜈  and 𝑃𝜇𝑞𝜈  are required. Therefore, the correlation function is written in terms of the chosen 
Lorentz structures as follows: 
 
                    Π𝜇𝜈  𝑝
2, 𝑝´2, 𝑞2 = ΠV 𝑖 𝜖𝜇𝜈𝛼𝛽  𝑝
𝛼𝑝´𝛽 + ΠA1𝑔𝜇𝜈 +  ΠA2𝑃𝜇  𝑞𝜈 + ⋯                                (9)           
                               
 
where … stands for other tensor structures. To find the QCD part of the correlation function, the three–point 
correlator is determined by using the operator product expansion method (OPE) in the deep Euclidean region 
p2  ≪ 4𝑚 𝑐
2 , p´2 ≪ (𝑚 𝑐
2 + 𝑚 𝑠
2) . Then, the correlation function may appear in perturbative and nonperturbative 
parts as follows: 
 
                               Π𝑖 𝑝
2, 𝑝´2, 𝑞2 = Π𝑖
𝑝𝑒𝑟  𝑝2, 𝑝´2 , 𝑞2 + Π𝑖
𝑛𝑜𝑛 −𝑝𝑒𝑟  𝑝2, 𝑝´2, 𝑞2                    (10)                       
 
where we use 𝑖 to indicate 𝑉 , 𝐴1 and 𝐴2. The bare loop diagram (Fig. 1 a) is considered for the perturbative part.  
Only the gluon condensate diagrams are considered as first nonperturbative part (Fig. 2 a, b, c, d, e, f) because 
the double Borel transformations eliminate the light quark condensates, contributing to the correlation function. 
Diagrams b, c, d in Fig. 1 shows the light quark condensates.  
Double dispersion representation used for the bare–loop contribution is written as: 
 
                               Π𝑖
𝑝𝑒𝑟
= −
1
(2𝜋)2
 𝑑𝑠´  𝑑𝑠
𝜌𝑖
𝑝𝑒𝑟
(𝑠,𝑠´, 𝑞2)
 𝑠−𝑝2 (𝑠´−𝑝´2)
+ 𝑠𝑢𝑏𝑡𝑟𝑎𝑐𝑡𝑖𝑜𝑛 𝑡𝑒𝑟𝑚𝑠,                    (11)                                         
The quark propagators are replaced by Dirac function, using Cutkosky rules, i.e.,  
1
𝑝2−𝑚2
→ −2𝜋𝑖𝛿(𝑝2 − 𝑚2). 
Such replacement gives the following inequality: 
                                                                    
                                                   −1 ≤
2𝑠𝑠´+ 𝑠+𝑠´−𝑞2  −𝑠 +2𝑠(𝑚𝑐
2−𝑚𝑠
2) 
𝜆1/2(s,s´, 𝑞2)𝜆1/2(𝑚𝑐
2 ,𝑚𝑐
2 ,s)
≤ 1                                             (12)                                                
where 𝜆(𝑎, 𝑏, 𝑐)  =  𝑎2 + 𝑏2 +  𝑐2 −  2𝑎𝑏 −  2𝑎𝑐 −  2𝑏𝑐. 𝑠′ has a lower limit equal to (𝑚𝑐 + 𝑚𝑠)
2, and the 
lower limit of s is also determined from Eq. (12).    
Once all calculations are carried out, the spectral densities may be written as following: 
 
           𝜌𝑉(𝑠, 𝑠´, 𝑞
2) = 4𝑁𝑐((𝑚𝑠 − 𝑚𝑐)𝐵2 − 2𝑚𝑐𝐵1 − 𝑚𝑐𝐼0)                                              (13)                                               
           𝜌𝐴1 (𝑠, 𝑠´, 𝑞
2) = 2𝑁𝑐(4(−𝑚𝑠 + 𝑚𝑐)𝐴1 + 2𝑚𝑐∆
′𝐼0 
+ −𝑚𝑠 + 𝑚𝑐 𝐼0∆ + 2𝑚𝑐
2 −2𝑚𝑐 + 𝑚𝑠 𝐼0 
                                                                 −𝑚𝑐(𝑢 − 2𝑚𝑐𝑚𝑠)𝐼0)                                           (14)                                                           
          𝜌𝐴2 (𝑠, 𝑠´, 𝑞
2) = 2𝑁𝑐  −𝑚𝑠 + 𝑚𝑐  −𝐴5 + 𝐴2 − 𝑚𝑐𝐵2 − 𝑚𝑠𝐵1                              (15)            
                 
here 𝑢 =  𝑠 + 𝑠´ − 𝑞2, ∆ =  𝑠 , ∆′= 𝑠´ + 𝑚𝑐2 − 𝑚𝑠2 and 𝑁𝑐 = 3  is the number of colors.  B1, B2, A1, A2, A5 and 
I0 are as follows: 
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                           𝐼0 𝑠, 𝑠´, 𝑞
2 =
1
4𝜆1/2 𝑠,𝑠′,𝑞2 
 ,      
                        𝜆 𝑠, 𝑠´, 𝑞2 =  𝑠2 +  𝑠´2 +  𝑞4 −  2𝑠𝑞2  −  2𝑠´𝑞2 −  2𝑠𝑠´, 
                      𝐵1 =
1
4𝜆3/2
 2𝑠´∆ − ∆′𝑢 , 
                         𝐵2 =
1
4𝜆3/2
 2𝑠∆′ − ∆𝑢 , 
                      𝐴1 =
1
8𝜆3/2
 ∆′
2
𝑠 + ∆2𝑠´ − 4𝑚𝑐
2𝑠𝑠´ − ∆ ∆′𝑢 + 𝑚𝑐
2𝑢2 , 
                      𝐴2 =
1
4𝜆5/2
(2∆′
2
𝑠𝑠′ + 6∆2𝑠´2 − 8𝑚𝑐
2𝑠𝑠´2 − 6∆ ∆′𝑠′𝑢 + ∆′
2
𝑢2 + 2𝑚𝑐
2𝑠′𝑢2), 
                         𝐴5 =
1
4𝜆5/2
 −6∆ ∆′𝑠´𝑢 + 6𝑠2∆′
2
− 8𝑠2𝑠´𝑚𝑐
2 + 2𝑢2𝑠𝑚𝑐
2 + 𝑢2∆2 +
2𝑠𝑠´∆2 .                                                                                                                                                          (16)                                                                         
 
In order to calculate gluon condensate contributions we should perform proper integrals which are discussed 
next [20, 24, 26, 30]. We use Fock–Schwinger fixed–point gauge, 𝑥𝜇𝐺𝜇
𝑎 = 0 where 𝐺𝜇
𝑎  is the gluon field [24, 
31-33]. Let us list the necessary integrals to calculate the corresponding diagrams: 
 
𝐼0 𝑎, 𝑏, 𝑐 =  
𝑑4𝑘
 2𝜋 4
1
 𝑘2−𝑚𝑐
2 
𝑎
  𝑝+𝑘 2−𝑚𝑐
2 
𝑏
  𝑝´+𝑘 2−𝑚𝑠
2 
𝑐 , 
𝐼𝜇 [𝑎, 𝑏, 𝑐] =  
𝑑4𝑘
(2𝜋)4
𝑘𝜇
[𝑘2−𝑚𝑐
2]𝑎 [ 𝑝+𝑘 2−𝑚𝑐
2]𝑏 [ 𝑝´+𝑘 2−𝑚𝑠
2]𝑐
 , 
                              𝐼𝜇𝜈 [𝑎, 𝑏, 𝑐] =  
𝑑4𝑘
(2𝜋)4
𝑘𝜇 𝑘𝜈
[𝑘2−𝑚𝑐
2]𝑎 [ 𝑝+𝑘 2−𝑚𝑐
2]𝑏 [ 𝑝´+𝑘 2−𝑚𝑠
2]𝑐
 .                            (17)                                       
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Figure 2: Gluon condensate contributions to 𝜒𝑐1(1𝑝) → 𝐷𝑠
+𝑒𝜈 decay. 
 
These integrals can be solved using Schwinger representation for propagators as follow, 
 
                                                  
1
𝑝2+𝑚2
=
1
Γ(α)
 𝑑𝛼
∞
0
𝛼𝑛−1𝑒−𝛼(𝑝
2+𝑚2)                                          (18) 
 
The Borel transformation which is proper here is as follows: 
                                                                  𝐵 𝑝2 𝑀
2 𝑒−α𝑝
2
= 𝛿(1 − α𝑀2)                                                          (19)                 
               
The transformed results of the integrals after solving them and applying double Borel transformations over 𝑝2 
and 𝑝′2 , are written as: 
 
                  𝐼 0 𝑎, 𝑏, 𝑐 = 𝑖
 −1 𝑎+𝑏+𝑐+1
16 𝜋2𝛤 𝑎 𝛤 𝑏 𝛤 𝑐 
 𝑀1
2 2−𝑎−𝑏 𝑀2
2 2−𝑎−𝑐𝑈0(𝑎 + 𝑏 + 𝑐 − 4, 1 − 𝑐 − 𝑏), 
                𝐼 𝜇  𝑎, 𝑏, 𝑐 =
1
2
 𝐼 1 𝑎, 𝑏, 𝑐 + 𝐼 2 𝑎, 𝑏, 𝑐  𝑃𝜇 +
1
2
 𝐼 1 𝑎, 𝑏, 𝑐 − 𝐼 2 𝑎, 𝑏, 𝑐  𝑞𝜇 , 
                𝐼 𝜇𝜈  𝑎, 𝑏, 𝑐 = 𝐼 6 𝑎, 𝑏, 𝑐 𝑔𝜇𝜈 +
1
4
 2𝐼 4 + 𝐼 3 + 𝐼 5 𝑃𝜇 𝑃𝜈 +
1
4
 −𝐼 5 + 𝐼 3 𝑃𝜇 𝑞𝜈  
                                             +
1
4
 −𝐼 5 + 𝐼 3 𝑃𝜈𝑞𝜇 +
1
4
 −2𝐼 4 + 𝐼 3 + 𝐼 5 𝑞𝜇𝑞𝜈 .                                    (20)                                                                       
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here: 
                    𝐼 1 𝑎, 𝑏, 𝑐 = 𝑖
 −1 𝑎+𝑏+𝑐+1
16 𝜋2Γ 𝑎 Γ 𝑏 Γ 𝑐 
 𝑀1
2 2−𝑎−𝑏 𝑀2
2 3−𝑎−𝑐U0 a + b + c − 5, 1 − c − b ,   
 
                    𝐼 2 𝑎, 𝑏, 𝑐 = 𝑖
 −1 𝑎+𝑏+𝑐+1
16 𝜋2Γ 𝑎 Γ 𝑏 Γ 𝑐 
 𝑀1
2 3−𝑎−𝑏 𝑀2
2 2−𝑎−𝑐U0 a + b + c − 5, 1 − c − b ,  
 
                𝐼 3 𝑎, 𝑏, 𝑐 = 𝑖
 −1 𝑎+𝑏+𝑐
16 𝜋2Γ 𝑎 Γ 𝑏 Γ 𝑐 
 𝑀1
2 2−𝑎−𝑏 𝑀2
2 4−𝑎−𝑐U0 a + b + c − 6, 1 − c − b ,  
 
                  𝐼 4 𝑎, 𝑏, 𝑐 = 𝑖
 −1 𝑎+𝑏+𝑐
16 𝜋2Γ 𝑎 Γ 𝑏 Γ 𝑐 
 𝑀1
2 3−𝑎−𝑏 𝑀2
2 3−𝑎−𝑐U0 a + b + c − 6, 1 − c − b ,  
 
                𝐼 5 𝑎, 𝑏, 𝑐 = 𝑖
 −1 𝑎+𝑏+𝑐
16 𝜋2Γ 𝑎 Γ 𝑏 Γ 𝑐 
 𝑀1
2 4−𝑎−𝑏 𝑀2
2 2−𝑎−𝑐U0 a + b + c − 6, 1 − c − b ,  
 
                𝐼 6 𝑎, 𝑏, 𝑐 = 𝑖
 −1 𝑎+𝑏+𝑐+1
32 𝜋2Γ 𝑎 Γ 𝑏 Γ 𝑐 
 𝑀1
2 3−𝑎−𝑏 𝑀2
2 3−𝑎−𝑐U0 a + b + c − 6, 2 − c − b  .                                                                              
(21) 
In Eqs. (20) and (21), M1
2 and M2
2 are the Borel parameters in the s and s´ channels, respectively, and the 
function 𝑈0(𝛼, 𝛽) is defined as follows: 
 
                  𝑈0 𝛼, 𝛽 =  𝑑𝑦(𝑦 + 𝑀1
2 + 𝑀2
2)𝛼𝑦𝛽 exp[−
𝐵−1
𝑦
− 𝐵0 − 𝐵1𝑦]
∞
0
                              (22)                                                             
                𝐵−1 =
1
𝑀1
2𝑀2
2  𝑚𝑠
2𝑀1
4 + 𝑚𝑠
2𝑀2
4 + 𝑀1
2𝑀2
2 𝑚𝑐
2 + 𝑚𝑠
2 − 𝑞2                                       (23)                                                          
                𝐵0 =
1
𝑀1
2𝑀2
2   𝑚𝑠
2 + 𝑚𝑐
2 𝑀1
2 + 2𝑚𝑐
2𝑀2
2                                                                   (24)                                                             
                 𝐵1 =
𝑚𝑐
2
𝑀1
2𝑀2
2                                                                                                              (25)                                                            
After doing the calculations, the following results are obtained for gluon condensate contributions. 
                                                              Π𝑖
 𝐺2 = 𝑖  
𝛼𝑠
𝜋
𝐺2 
𝐶𝑖
24
                                                   (26)                                                                  
where expressions for 𝐶𝑖  are given in appendix–A. 
Double Borel transformations with respect to the 𝑝2  (𝑝2  →  𝑀1
2) and 𝑝′2 (𝑝′2  →  𝑀2
2) are applied on the 
physical side and QCD side of the correlation function to find the form factors. After matching the coefficient of 
the Lorentz structures of these two representations of the correlator and doing the continuum subtraction to 
suppress the higher states and continuum, the following sum rules for the form factors, 𝐴1 and 𝐴2 are obtained 
as follows: 
 
  
9 
 
                         𝑉 =
 𝑚𝑐 + 𝑚𝑠  𝑚𝜒𝑐1(1𝑝) + 𝑚𝐷𝑠+ 
2𝑓𝐷𝑠+  𝑓𝜒𝑐1(1𝑝)𝑚𝐷𝑠+
2 𝑚𝜒𝑐1(1𝑝)
𝑒
𝑚
𝐷𝑠
+
2
𝑀2
2
𝑒
𝑚𝜒𝑐1(1𝑝)
2
𝑀1
2
 
                               × {−
1
4𝜋2
 𝑑𝑠´
𝑠0
´
 𝑚𝑐+𝑚𝑠 2
 𝑑𝑠
𝑠0
𝑠𝐿
 𝜌𝑉 𝑠, 𝑠´, 𝑞
2 𝑒
−
𝑠´
𝑀2
2
𝑒
−
𝑠
𝑀1
2
+ 𝑖𝑀1
2𝑀2
2  
𝛼𝑠
𝜋
𝐺2 
𝐶𝑉
24
}   
 
                      𝐴1 =
 𝑚𝑐+𝑚𝑠 
𝑓
𝐷𝑠
+ 𝑓𝜒𝑐1(1𝑝)𝑚𝐷𝑠+
2 𝑚𝜒𝑐1(1𝑝) 𝑚𝜒𝑐1(1𝑝)+𝑚𝐷𝑠+
 
𝑒
𝑚
𝐷𝑠
+
2
𝑀2
2
𝑒
𝑚 𝜒𝑐1(1𝑝)
2
𝑀1
2
 
                                         × {−
1
4𝜋2
 𝑑𝑠´
𝑠0
′
 𝑚𝑐+𝑚𝑠 2
 𝑑𝑠
𝑠0
𝑠𝐿
 𝜌𝐴1 𝑠, 𝑠´, 𝑞
2 𝑒
−
𝑠´
𝑀2
2
𝑒
−
𝑠
𝑀1
2
+
𝑖𝑀1
2𝑀2
2  
𝛼𝑠
𝜋
𝐺2 
𝐶𝐴1
24
}  
 
                 𝐴2 =
4𝑚𝜒𝑐1(1𝑝)
 𝑚𝑐+𝑚𝑠  𝑚𝜒𝑐1(1𝑝)+𝑚𝐷𝑠+
 
𝑓
𝐷𝑠
+ 𝑓𝜒𝑐1(1𝑝)𝑚𝐷𝑠+
2  3𝑚𝜒𝑐1(1𝑝)
2 +𝑚
𝐷𝑠
+
2 −𝑞2 
𝑒
𝑚
𝐷𝑠
+
2
𝑀2
2
𝑒
𝑚 𝜒𝑐1(1𝑝)
2
𝑀1
2
 
                                                 × {−
1
4𝜋2
 𝑑𝑠´
𝑠0
′
 𝑚𝑐+𝑚𝑠 2
 𝑑𝑠
𝑠0
𝑠𝐿
 𝜌𝐴2 𝑠, 𝑠
′, 𝑞2 𝑒
−
𝑠´
𝑀2
2
𝑒
−
𝑠
𝑀1
2
+
𝑖𝑀1
2𝑀2
2  
𝛼𝑠
𝜋
𝐺2 
𝐶𝐴2
24
}                                                                                                                                           (27) 
where 𝑠0  and 𝑠0
′  are the continuum thresholds in 𝜒𝑐1(1𝑝) and 𝐷𝑠
+ channels, respectively and 𝑠𝐿  is as follows: 
                                                                   𝑠𝐿 =
𝑚𝑐
2 𝑞2−𝑠´ 
2
(𝑞2−𝑚𝑐
2)(𝑚𝑐
2−𝑠´)
                                                                (28)                                                                       
Now let us apply the quark-hadron duality assumption to subtract the contributions of the higher states and 
continuum in Eq. (27): 
                                                 𝜌𝑕𝑖𝑔𝑕𝑒𝑟𝑠𝑡𝑎𝑡𝑒𝑠(𝑠,𝑠´)  =  𝜌𝑂𝑃𝐸(𝑠,𝑠´)𝜃(𝑠 −  𝑠0)𝜃(𝑠 – 𝑠0
´ )                           (29)   
  
The form of Borel transformation which is used is as follows:   
                                          𝐵 𝑝2 𝑀
2  
1
𝑝2−𝑚2
 = −
1
𝑀2
𝑒−𝑚
2 𝑀2                                                         (30) 
 
The differential decay width 𝑑Γ/𝑑𝑞2 for the process 𝜒𝑐1(1𝑝) → 𝐷𝑠
+𝑒𝜈 in terms of the form factors is obtained 
as follows: 
 
                                                        
𝑑Γ
𝑑𝑞2𝑑 cos 𝜃
=
 𝜆
256 𝜋3  𝑚𝜒𝑐1(1𝑝)
3  𝑀 
2                                                 (31)                                                                                           
                                                         𝑀 =
𝐺𝐹
 2
𝑉𝑐𝑠  𝐿
𝜇 𝐻𝜇                                                                        (32)                                                 
                                                          𝑀 2 =
𝐺𝐹
2
2
 𝑉𝑐𝑠 
2 𝐿𝜇𝜈 𝐻𝜇  𝐻𝜈
†
                                                              (33)                                              
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𝐿𝜇𝜈 𝐻𝜇  𝐻𝜈
† =  
1
3
{
(12𝑚𝜒𝑐1(1𝑝)
2 𝑞2+𝜆 sin 2 θ) 𝑚𝜒𝑐1(1𝑝)+𝑚𝐷𝑠+
 
2
 𝑚𝑕𝑏  1𝑝 
2 A1
2 −
2
𝑚𝜒𝑐1(1𝑝)
2  − 𝑚𝐷𝑠+
2 + 𝑚𝜒𝑐1(1𝑝)
2 +
𝑞2  𝜆 sin2θ A1A2 +
1
 𝑚𝜒𝑐1(1𝑝)
2   𝑚
𝐷𝑠
++𝑚𝜒𝑐1(1𝑝) 
2 𝜆
2 sin2θ A2
2 + 16 𝜆 𝑞2 cos θ A1 V }                        (34) 
                                                                                                                                                                                                             
Where,  𝜆 = 𝑚𝜒𝑐1(1𝑝)
4 + 𝑚𝐷𝑠+
4 + 𝑞4 − 2𝑚𝜒𝑐1(1𝑝)
2  𝑚𝐷𝑠+
2 − 2𝑚𝜒𝑐1(1𝑝)
2  𝑞2 − 2 𝑚𝐷𝑠+
2 𝑞2.        
Finally, the integration of Eq. (31) over 𝑞2 in the interval 0 < 𝑞2 <(𝑚𝜒𝑐1(1𝑝) −  𝑚𝐷𝑠+)
2 is carried out to find the  
total decay width. 
 
 
3 : Numerical Calculations and results 
 
Considering the expressions for form factors, it is clear that input parameters entering our calculations are gluon 
condensate, elements of the CKM matrix 𝑉𝑐𝑠   , leptonic decay constants, 𝑓𝜒𝑐(1𝑝) and 𝑓𝐷𝑠+, quark and meson 
masses, continuum thresholds 𝑠0 and 𝑠0´, as well as the Borel parameters 𝑀1
2 and 𝑀2
2. The values of these 
parameters are chosen to be:  
 
𝛼𝑠
𝜋
𝐺2 = 0.012 𝐺𝑒𝑉4 [7],  𝑉𝑐𝑠  = 0.957 ± 0.11 [34], 𝑓𝐷𝑠+ = 0.274 ± 0.013𝐺𝑒𝑉 [35], 𝑓𝜒𝑐(1𝑝) = 344•± 27 𝑀𝑒𝑉 
[36], 𝑚𝑐 = 1.275 ± 0.015 𝐺𝑒𝑉, 𝑚𝑠 1 𝐺𝑒𝑉  ≃ 142 𝑀𝑒𝑉 [37], 𝑚𝐷𝑠+ = 1.968 𝐺𝑒𝑉 [34], 𝑚𝜒𝑐(1𝑝) =
 3.51066 ± 0.00007  𝐺𝑒𝑉[36]. Form factors contain four parameters: Borel mass squares 𝑀1
2 and 𝑀2
2  and 
continuum thresholds, 𝑠0 and 𝑠0´. These are mathematical parameters, so the physical quantities, such as form 
factors, should not depend upon them. The parameters 𝑠0 and 𝑠0
′ , the continuum thresholds of 𝜒𝑐 (1𝑝) and 𝐷𝑠
+ 
mesons, are determined from the conditions that guarantee the sum rules to have the best stability in the allowed 
𝑀1
2  and 𝑀2
2 region. The value of the continuum thresholds, 𝑠0
′  calculated from the two–point QCD sum rules is 
taken to be 𝑠0
′ = 6 − 8 𝐺𝑒𝑉2 [38] and 𝑠0 = 16 ± 2 𝐺𝑒𝑉
2[39]. The allowed regions of 𝑀1
2 and 𝑀2
2 for the form 
factors are determined from the condition that guarantees the best stability for the form factors. This condition is 
satisfied in the regions 10 𝐺𝑒𝑉2  ≤  𝑀1
2 ≤ 15 𝐺𝑒𝑉2 and 20 𝐺𝑒𝑉2 ≤  𝑀2
2 ≤ 30 𝐺𝑒𝑉2 as shown in figure 3. The 
values of the form factors at 𝑞2 =  0 are shown in Table 1. 
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Fig 3: Dependence of the form factors on Borel parameters. 
 
 
 
 
 
 
 
               Table 1: The values of the form factors at 𝑞2 = 0, for  𝑀1
2 = 12.5 𝐺𝑒𝑉2 , 𝑀2
2 = 25 𝐺𝑒𝑉2. 
 
Since the sum rules for the form factors are truncated at some points, in order to extend our calculations to the 
full physical range, i.e., the region 0 ≤ 𝑞2 ≤ 2.38 𝐺𝑒𝑉2, we use suitable parameterization for the form factors. 
Our numerical calculations shows that the best parameterization of the form factors with respect to 𝑞2 are as 
follows:    
                                                             𝑓𝑖 𝑞
2 =
𝑎
(1−
𝑞2
𝑚 𝑓𝑖𝑡
2 )
+
𝑏
(1−
𝑞2
𝑚 𝑓𝑖𝑡
2 )
2
                                                                (35) 
The values of the parameters, 𝑎 and 𝑏 are given in Table 2: 
 𝜒𝑐1(1𝑝) → 𝐷𝑠
+𝑒𝜈 
𝑉(0) 0.479 
𝐴1(0) −0.017 
𝐴2(0) 0.733 
12 
 
 
 
 
 
 
 
 
                 Table 2: Parameters in the fit function of the form factors, for  𝑀1
2 = 12.5 𝐺𝑒𝑉2 , 𝑀2
2 = 25 𝐺𝑒𝑉2.  
 
Performing the integration over 𝑞2 in Eq. (31) in the interval 0 < 𝑞2 < (𝑚𝜒𝑐(1𝑝) −  𝑚𝐷𝑠+)
2, we get the 
expression for the total decay width. Our calculated value of the branching fraction is presented in Table 3.  
 
 
 
 
  
                                              Table 3: Branching fraction of  𝜒𝑐1(1𝑝) → 𝐷𝑠
+𝑒𝜈 .   
 
 
4 : Conclusion 
 
In the present work, we studied the rare 𝜒𝑐1(1𝑝) → 𝐷𝑠
+𝑒𝜈 decay in the context of the three-point QCD sum 
rules. Taking into account the two-gluon corrections to the correlation function as a first nonperturbative 
contribution, we obtained the form factors. Implementing our findings, we used proper parametrization for the 
form factors to calculate the branching fraction. The present predictions can be confirmed by the experimental 
data in the future. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 𝑎 𝑏 𝑚𝑓𝑖𝑡 ( 𝐺𝑒𝑉) 
𝑉 0.25 0.22 2.1 
𝐴1 0.50 -0.51 2.6 
𝐴2 -51.20 51.88 2.4 
Decay Branching fraction 
𝜒𝑐1(1𝑝) → 𝐷𝑠
+𝑒𝜈 8.67 × 10−10  
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Appendix-A 
 
𝐶𝑉 = 16𝑚𝑐𝐼 0 1,2,2 − 96𝑚𝑐
3𝐼 0 1,4,1 + 64 𝑚𝑐
3𝐼 0 2,3,1 + 16𝑚𝑐𝐼 0 3,1,1 − 16 𝑚𝑐
3𝐼 0 3,1,2 
− 16𝑚𝑐𝐼 0
[0,1] 3,1,2 − 16𝑚𝑐𝐼 0
[1,0] 3,2,1 − 32𝑚𝑐
3𝐼 0
[0,1] 3,2,2 − 16𝑚𝑐
3𝐼 0
[1,0] 3,2,2 
+ 16𝑚𝑐𝐼 0
[1,1] 3,2,2 + 32𝑚𝑐𝐼 1 1,2,2 − 96𝑚𝑐𝐼 1 1,3,1 − 192𝑚𝑐
3𝐼 1 1,4,1 − 32𝑚𝑐𝐼 1 2,2,1 
+ 32𝑚𝑐𝐼 1
[1,0] 2,3,1 + 16𝑚𝑐𝐼 1 3,1,1 − 48𝑚𝑐
3𝐼 1 3,1,2 − 16𝑚𝑐𝐼 1
[0,1] 3,1,2 
− 32𝑚𝑐𝐼 1
[1,0] 3,2,1 − 64𝑚𝑐
3𝐼 1
[0,1] 3,2,2 − 32𝑚𝑐
3𝐼 1
[1,0] 3,2,2 + 32𝑚𝑐𝐼 1
[1,1] 3,2,2 
+ 16𝑚𝑐𝐼 2 1,2,2 − 96𝑚𝑐
3𝐼 2 1,4,1 + 64𝑚𝑐𝐼 2
[0,1] 2,3,1 − 16𝑚𝑐
3𝐼 2 3,1,2 
− 16𝑚𝑐𝐼 2
[0,1] 3,1,2 − 64𝑚𝑐
3𝐼 2 3,2,1 − 32𝑚𝑐
3𝐼 2
[0,1] 3,2,2 − 16𝑚𝑐
3𝐼 2
[1,0] 3,2,2 
+ 16𝑚𝑐𝐼 2
[1,1] 3,2,2  
 
𝐶𝐴1 = −8𝑚𝑐𝐼
 
0 1,1,2 − 16𝑚𝑐𝐼 0 1,2,1 − 16𝑚𝑐
3𝐼 0 1,2,2 + 8𝑚𝑐𝐼 0
[0,1] 1,2,2 + 96𝑚𝑐
3𝐼 0 1,3,1 
− 48𝑚𝑐𝐼 0
[0,1] 1,3,1 + 96𝑚𝑐
5𝐼 0 1,4,1 − 48𝑚𝑐
3𝐼 0
[0,1] 1,4,1 + 16𝑚𝑐
3𝐼 0 2,2,1 
+ 16𝑚𝑐𝐼 0
[0,1] 2,2,1 + 32𝑚𝑐
3𝐼 0
[0,1] 2,3,1 + 16𝑚𝑐
3𝐼 0
[1,0] 2,3,1 − 16𝑚𝑐𝐼 0
[1,1] 2,3,1 
+ 8𝑚𝑐𝐼 0
[0,1] 3,1,1 − 8𝑚𝑐𝐼 0
[1,0] 3,1,1 + 24𝑚𝑐
5𝐼 0 3,1,2 + 8𝑚𝑐
3𝐼 0
[0,1] 3,1,2 
+ 8𝑚𝑐
3𝐼 0
[1,0] 3,1,2 − 8𝑚𝑐𝐼 0
[1,1] 3,1,2 + 32𝑚𝑐
3𝐼 0
[0,1] 3,2,1 − 24𝑚𝑐𝐼 0
[1,1] 3,2,1 
+ 8𝑚𝑐𝐼 0
 2,0  3,2,1 + 32𝑚𝑐
5𝐼 0
[0,1] 3,2,2 − 16𝑚𝑐
3𝐼 0
 0,2  3,2,2 + 16𝑚𝑐
5𝐼 0
[1,0] 3,2,2 
− 24𝑚𝑐
3𝐼 0
[1,1] 3,2,2 + 8𝑚𝑐𝐼 0
[1,2] 3,2,2 + 32𝑚𝑐𝐼 6 1,2,2 − 192𝑚𝑐
3𝐼 6 1,4,1 
− 64𝑚𝑐𝐼 6
[0,1] 2,3,1 − 64𝑚𝑐𝐼 6
[1,0] 2,3,1 − 64𝑚𝑐
3𝐼 6
[0,1] 3,2,2 − 32𝑚𝑐
3𝐼 6
[1,0] 3,2,2 
+ 32𝑚𝑐𝐼 6
[1,1] 3,2,2  
 
𝐶𝐴2 = −16𝑚𝑐
3𝐼 0 3,1,2 + 16𝑚𝑐
3𝐼 0 3,2,1 − 4𝑚𝑐𝐼 1 1,2,2 + 24𝑚𝑐𝐼 1 1,3,1 + 24𝑚𝑐
3𝐼 1 1,4,1 − 8𝑚𝑐𝐼 1 2,2,1 
− 16𝑚𝑐
3𝐼 1 2,3,1 + 8𝑚𝑐𝐼 1
[1,0] 2,3,1 − 4𝑚𝑐𝐼 1 3,1,1 − 8𝑚𝑐
3𝐼 1 3,1,2 + 16𝑚𝑐
3𝐼 1 3,2,1 
+ 8𝑚𝑐𝐼 1
[1,0] 3,2,1 + 8𝑚𝑐
3𝐼 1
[0,1] 3,2,2 + 4𝑚𝑐
3𝐼 1
[1,0] 3,2,2 − 4𝑚𝑐𝐼 1
[1,1] 3,2,2 − 4𝑚𝑐𝐼 2 1,2,2 
+ 24𝑚𝑐𝐼 2 1,3,1 + 24𝑚𝑐
3𝐼 2 1,4,1 − 8𝑚𝑐𝐼 2 2,2,1 − 16𝑚𝑐
3𝐼 2 2,3,1 + 8𝑚𝑐𝐼 2
[1,0] 2,3,1 
− 4𝑚𝑐𝐼 2 3,1,1 − 8𝑚𝑐
3𝐼 2 3,1,2 + 16𝑚𝑐
3𝐼 2 3,2,1 + 8𝑚𝑐𝐼 2
[1,0] 3,2,1 + 8𝑚𝑐
3𝐼 2
[0,1] 3,2,2 
+ 4𝑚𝑐
3𝐼 2
[1,0] 3,2,2 − 4𝑚𝑐𝐼 2
[1,1] 3,2,2 + 8𝑚𝑐𝐼 3 1,2,2 − 48𝑚𝑐
3𝐼 3 1,4,1 − 16𝑚𝑐𝐼 3
[0,1] 2,3,1 
− 16𝑚𝑐𝐼 3
[1,0] 2,3,1 − 16𝑚𝑐
3𝐼 3
[0,1] 3,2,2 − 8𝑚𝑐
3𝐼 3
[1,0] 3,2,2 + 8𝑚𝑐𝐼 3
[1,1] 3,2,2 
− 8𝑚𝑐𝐼 5 1,2,2 + 48𝑚𝑐
3𝐼 5 1,4,1 + 16𝑚𝑐𝐼 5
[0,1] 2,3,1 + 16𝑚𝑐𝐼 5
[1,0] 2,3,1 
+ 16𝑚𝑐
3𝐼 5
[0,1] 3,2,2 + 8𝑚𝑐
3𝐼 5
[1,0] 3,2,2 − 8 𝑚𝑐𝐼 5
[1,1] 3,2,2  
 
Where: 
𝐼 𝑛
[𝑖 ,𝑗 ] 𝑎, 𝑏, 𝑐 = (𝑀1
2)𝑖(𝑀2
2)𝑗
𝑑𝑖
𝑑(𝑀1
2)𝑖
𝑑𝑗
𝑑(𝑀2
2)𝑗
[ 𝑀1
2 𝑖 𝑀2
2 𝑗 𝐼 𝑛 𝑎, 𝑏, 𝑐 ] 
14 
 
References 
[1] D. Ebert, R. N. Faustov and V. O. Galkin, Phys. Rev. D 67, 014027 (2003). 
[2] H. W. Crater, C.-Y. Wong, P. V. Alstine, Phys. Rev. D 74, 054028 (2006). 
[3] G. L. Wang, Phys. Lett. B 653, 206 (2007). 
[4] J. J. Dudek, E. Rrapaj, Phys. Rev. D 78, 094504 (2008). 
[5] P. Guo, A. P. Szczepaniak, G. Galata, A. Vassallo, E. Santopinto, Phys. Rev. D 78, 056003 (2008). 
[6] W. Lucha, D. Melikhov, S. Simula, Phys. Lett. B 687, 48 (2010). 
[7] M. A. Shifman, A. I. Vainstein, V. I. Zakharov, Nucl. Phys. B 147, 385 (1979) ; Nucl. Phys. B 147, 448 
(1979). 
[8] P. Colangelo, A. Khodjamirian, in ”At the Frontier of Particle Physics/Handbook of QCD”, edited by M. 
Shifman (World Scientific, Singapore, 2001), Vol. 3, p. 1495. 
[9] V. M. Braun, arXiv: hep-ph/9801222. 
[10] I. I. Balitsky, V. M. Braun, A. V. Kolesnichenko, Nucl. Phys. B 312, 509 (1989). 
[11] A. I. Vainshtein, M. B. Voloshin, V. I. Zakharov, M. A. Shifman, Sov. J. Nucl. Phys. 28, 237 (1978). 
[12] L. J. Reinders, H. Rubinstein, S. Yazaki, Phys. Rep. 127, 1 (1985). 
[13] S. Narison, QCD Spectral Sum Rules (World Scientific, Singapore, 1989). 
[14] M. Jamin, B. O. Lange, Phys. Rev. D 65, 056005 (2002). 
[15] A. A. Penin, M. Steinhauser, Phys. Rev. D 65, 054006 (2002). 
[16] D. S. Du, J. W. Li, M. Z. Yang, Phys. Lett. B 619, 105 (2005). 
[17] T. M. Aliev, K. Azizi, V. Bashiry, J. Phys. G 37, 025001 (2010). 
[18] T. M. Aliev, K. Azizi, M. Savci, Phys. Lett. B 690, 164 (2010). 
[19] K. Azizi, H. Sundu, J. Y. Sungu, Eur. Phys. J. A 48, 108 (2012). 
[20] V. V. Kiselev, A. K. Likhoded, A. I. Onishchenko, Nucl. Phys. B 569, 473 (2000).  
[21] K. Azizi, F. Falahati, V. Bashiry, S. M. Zebarjad, Phys. Rev. D 77, 114024 (2008). 
[22] N. Ghahramany, R. Khosravi, K. Azizi, Phys. Rev. D 78, 116009 (2008). 
[23] Z. G. Wang, Commun. Theor. Phys. 61, 81 (2014). 
[24] K. Azizi, R. Khosravi, V. Bashiry, Eur. Phys. J. C 56, 357 (2008). 
[25] R. Khosravi, K. Azizi, N. Gharamany, Phys. Rev. D 79, 036004 (2009). 
[26] R. Khosravi, K. Azizi, M. Ghanaatian, F. Falahati, J. Phys. G. Nucl part. Phys. 36, 095003 (2009). 
[27] K. Azizi, R. Khosravi, F. Falahati, Phys. Rev. D 82, 116001 (2010). 
[28] Y. M. Wang, H. Zou, Z. T. Wei, X. Q. Li, C. D. Lu, J. Phys. G: Nucl. Part. Phys. 36, 105002 (2009). 
[29] N. Ghahramany, A. R. Houshyar, J. Acta Phys. Polon. B 44, 1857 (2013). 
[30] T. M. Aliev, M. Savci, Eur. Phys. J. C 47, 413 (2006). 
[31] V. A. Fock, Sov. Phys. 12, 404 (1937). 
[32]  J. Schwinger, Phys. Rev. 82, 664 (1951). 
[33] V. Smilga, Sov. J. Nucl. Phys. 35, 215 (1982). 
[34] C. Amsler et al., Particle Data Group, Phys. Lett. B 667, 1 (2008). 
[35] M. Artuso et al., CLEO Collaboration, Phys. Rev. Lett. 99, 071802 (2007). 
[36] K. Nakamura et al., (Particle Data Group), J. Phys. G 37, 075021 (2010). 
[37] T. M. Aliev, M. Savci, Phys. Rev. D 73, 114010 (2006). 
15 
 
[38] K. Azizi, R. Khosravi, Phys. Rev. D 78, 036005 (2008). 
[39] K. Azizi, H. Sundu, M. Bayar, Phys. Rev. D 79, 116001 (2009). 
 
 
 
 
 
 
 
 
 
 
